Abstract: In this study, the behavior of bituminous mixes made with sewage sludge ash (SSA) as mineral filler was investigated. The 4 behavior of these mixes was evaluated with the Cantabro, indirect tensile strength, water sensitivity, permanent deformation, and resilient 5 modulus tests. The results show that SSA waste may be used in bituminous mixes at approximately 2-3% weight percent, maintaining 6 adequate levels of cohesion and adhesion in the mixtures, which is comparable to mixtures made with active fillers such as hydrated lime 7 and cement. Moreover, its use does not increase permanent deformations. However, the resilient modulus test gave slightly lower results for 8 mixes made with SSA than for mixtures made with other fillers. It may be concluded that SSA waste may be used as a filler for bituminous 9 mixes with better results than for mixes made with limestone fillers and with similar results for mixes made with other fillers such as hydrated 10 lime and cement.
Introduction

14
The large quantity of sewage sludge generated by major cities has 15 shown significant annual growth because of the processes of This study investigates the use of SSA as a mineral filler (grain 74 size smaller than 63 μm) in asphalt concrete for very thin layers, 75 which is one of the most commonly used wearing courses in Spain. 76 The physical and mechanical properties of SSA mixtures and con-77 trol mixtures (hydrated lime, cement, and limestone) were evalu- In this study, four types of filler were selected for the mastic: Table 3 . that the bitumen membrane can accommodate in its interior The properties of bulk density, particle density, and critical con-119 centration are given in 
where C v is the volume concentration; P f is the filler weight; P b is 147 the bitumen weight; γ f is the filler specific weight; and γ b is the 148 bitumen specific weight.
149
Mixes with bitumen content of 4-5.5% were studied. In Table 6 , Table 4 . wards, the samples were tested in the Cantabro tester for evaluation. 
246
Results and Discussion
247
The results obtained for the apparent density, void content, VMA, 248 and VFB are shown in Table 7 . 249 As shown in Table 7 , the BBTM-HL mix had the least apparent duced as the amount of bitumen in the mix is increased.
265
The BBTM-SSA mixes show good cohesion. The percent 266 weight loss in these mixes in the dry tests was less than 10%, which SSA mix showed better adhesivity than mixes containing LM.
298
The LM is usually used in Spain as filler for bituminous mixes. where α is the correction factor; and ρ d is the particle density 318 (kg=m 3 ) of the aggregates used in the bituminous mixes.
319
As reflected by the data of Note: ITS d is the indirect tensile strength of the dry specimens and ITS w is that of the wet specimens AE one standard deviation. Table 11 gives the resilient modulus and the phase angle ob- ments may be more resistant to permanent deformation, they also F5:1 Fig. 5 . Results of deformation because of rutting curve test after 10,000 load cycles. The maximum permitted deformation for a high volume of heavy F5:2 goods traffic is given by the dotted line, whereas the maximum permitted deformation given for a low volume of heavy goods traffic is given by the F5:3 solid line pavements.
341
The behavior of bituminous mixes is not perfectly elastic, but 342 rather viscoelastic, which gives rise to a delay in the deformation 343 response to applied loads that are described by the phase angle (δ).
344
The phase angles for the studied mixes were calculated with Eq. (7) 345 and are shown in The results of this study show that sewage sludge ash has prop-395 erties that make it an adequate filler material for BBTM 11B mixes. 
